Heteroepitaxy is a powerful method to enhance and control the properties of functional perovskite materials. 1, 2 The physical ground state is closely related to the local symmetry of the perovskites. By controlling the oxygen octahedra rotations, physical deposition offers the possibility to tune the electronic properties of perovskite thin films, as observed for LaNiO 3 thin films. 3 Moreover, at an interface between two perovskites with different symmetry, a structural coupling across the interface is possible. For example the interfacial coupling of oxygen octahedral rotations in PbTiO 3 /SrTiO 3 superlattices can stabilize improper ferroelectricity, 4 allowing for the coexistence of magnetism and a strong magneto-electric coupling. 5 Recently the 2-dimensional electron gas (2DEG) at the LaAlO 3 /SrTiO 3 interface has attracted large attention, 6 resulting in the observation of magnetic effects 7 and superconductivity 8 at the interface and possible device applications have been demonstrated. 9, 10 There is a symmetry difference between the SrTiO 3 and LaAlO 3 , 11 opening for the possibility of structural coupling across the interface. The crystal structure of LaAlO 3 is rhombohedral at room temperature, however commonly described as pseudocubic with a lattice constant of 3.79 Å and a lattice angle of 90.087˚, which is due to the rotations of the oxygen octahedral 12 (the subscripts pc and c will be used to differentiate between the pseudocubic and cubic symmetry). Epitaxial LaAlO 3 below the critical thickness of 3.8 nm has been reported to be fully commensurate with the cubic SrTiO 3 substrate, 13 and the LaAlO 3 lattice adjusts its in-plane lattice parameter to the in-plane lattice parameter of SrTiO 3 , which is 3.905 Å. 14 Transmission electron microscopy has revealed that the rotation of the oxygen octahedra in LaAlO 3 couple to the oxygen octahedra in SrTiO 3 and induce oxygen octahedra rotations in the three SrTiO 3 unit cells adjacent to the interface. 15 However, a complete understanding of the conductance of this interface and the influence of defects, such as oxygen vacancies and intermixing, is still lacking. [16] [17] [18] [19] Recent experiments revealed that the interface conductance decreased with increased LaAlO 3 layer thickness 20 and that the electron mobility decreased toward the interface. 21 Furthermore, anisotropic electrical transport dependent on the step and terrace structure of the substrate, has been observed. 22 24 We attribute the absence of a critical thickness for strain relaxation due to lattice mismatch to domain formation. 25 High resolution reciprocal space maps were recorded around the LaAlO 3 (001) pc reflection in order to study the crystal structure of the LaAlO 3 films in detail. Diffuse scattering satellite peaks can be seen in these reciprocal space maps, Fig. 1 Bragg reflection in reciprocal space, which indicates that the satellite peaks derives from a periodic change of the crystal structure and not from twinning. Another possible cause for the observed satellite peaks are misfit dislocations. 26 An estimated of the periodicity of misfit dislocations was determined using a lao a sto /(a sto -a lao ) , where a is the in-plane lattice constant. For the sample in Fig. 1(c) , which has an in-plane lattice constant of 3.90±0.02Å, an average periodicity of 300 nm was estimated for misfit dislocations. Since, the real space periodicity of the structural modulation is inversely proportional to the satellite to Bragg peak separation, thin films. 25 This is in agreement with the present data, the larger degree of coherency between the thin film and the substrate, see Fig. 1 (d) , the larger the observed effect of periodic in-plane modulations. Such structural boundaries can form at the substrate step-edges during sample growth, and are in LaAlO 3 characterized by an absence of the rotation of the oxygen octahedra and a change in volume of the unit cell, 27 as illustrated in Fig 3(b) . Twin walls are thus a possible cause for the observed structural modulation. In order to test this hypothesis, the thickness dependence of the satellite intensity, increase with increasing film thickness, indicating that the observed modulation is a bulk effect. Furthermore, it shows that the LaAlO 3 satellite peak intensity, 3 satellite LaAlO I , increases faster than the thickness squared, which would be expected from an increase in thickness alone.
In order to understand this thickness dependence, an approximation of at the boundary was found to be 2.5±0.1. Fits using vacancies in the AlO 2 plane, or a combination of both planes which is more probable, rendered a higher vacancy concentration.
These results give a lower limit for the oxygen content in the domain wall, because complimentary cation vacancies, having a more pronounced contribution to the scattered x-rays, also contribute to the satellite intensity. We note that the assumptions underlying the calculation of 3 LaAlO F Δ can result in a scaling error. Therefore, the data was also fitted using an additional scaling factor. In this case, an improved fit was also obtained by including vacancies in the calculation.
Although structural distortions have been observed in epitaxial perovskite thin films, the interaction of such distortions with the substrate is less studied. In order to investigate a possible coupling between the distortions in LaAlO 3 and the SrTiO 3 substrate, linear x q scans of the This indicates that coupling into the substrate depends on the degree of distortion at the structural boundary as compared to domains of the thin films.
In Fig 3 it was shown that the structure factor difference of the LaAlO 3 films increases with increasing film thickness. In order to study how this affects the distortions in SrTiO 3 , the substrate satellite peaks were examined as a function of the LaAlO 3 film thickness. It is expected that the distortions are present only near the interface. Therefore, an exponential decay of the structure factor difference is introduced, as illustrated in Fig 4(b) . The integrated intensity of the thickness or a combination of these. From the present data it is not possible to distinguish between these scenarios. However we note that the structure factor difference for LaAlO 3 increased closely to linearly with LaAlO 3 thickness.
In order to determine the penetration depth of this structural distortion, it is assumed that λ is constant, and that the ratio of the satellite peaks with respect to the Bragg reflection is the same for SrTiO 3 as for LaAlO 3 . Based on these assumptions, an average λ of 50±20 nm was determined. Assuming a larger distortion in SrTiO 3 , a reduced penetration depth would be obtained. This estimate thus services as an upper bound of the penetration depth. Nevertheless, it is clear that the penetration will affect the electron gas at the LaAlO 3 /SrTiO 3 interface, which extends approximately 4 nm into SrTiO 3 at room temperature. 30 We therefore expect that the These results not only show that the crystal structure of a thin film depends on the substrate, but also show that the crystal structure of the upper atomic layers of the substrate is affected by the growth of a low symmetry thin film. These results are important for all devices based on perovskite materials having a lower symmetry than the substrate, and for devices based on the interface conductivity in particular since similar distortions in the blanket of thin films affects their conductivity. 
